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Washington, D.C. 20554

Re: ANSYS Inc., - Reguest for Waiver of 47 C.F.R. § 1.1307(b)2)
Dear Mz Dorch:

Pursuant 1o Sections 1.3 and 1.925 of the Commission’s Rules, 47 C.F.R. &4 1.3, 1.925, thisisa
request an behell of Ansys, Inc., Tor a waiver of Section 1.1307{b)(2) of the Cammmission’s Rules, 47
CF.R. § [.130%(b)2), 1o permit rowtine environniental ¢valuation of medjval implant or body-worn
equipmenl euthorized for use in the Medical Device Radiccommunicaiion Service (MedRadio} by finite
elemenl method {FEM) compulaticnal modeling.

Backgrownd ANSYS develops and giobally markels enginzering simulation softwar: and
rechnologies for vse by engineers, designers, researchers and studenls across a broad spectrum of
industries and academia. Founded in 1970 and headquartered in Canonsburg, PA, the conpany currently
employs more than 1,600 people and it distributes its products in over 40 covnlrics. ANSYS has been Lhe
picneer lor finile element inodeling. 1 15 the developer of High Frequency Struclure Simulater ("HFS5” ).
1 FEM-based software ool for sinulalion sestng.

Currently, Section 1. 1307(b3(2) of the Commission’s rules restricts routine environmenial
evaluation for RF exposure of equipmenl transmiting in the MedRadio Service lo actoal laboratory
ineasureinent wehniques or finite difference time domain {“FOTD™) computational modeling, The effect
af this rule is Lo prohibit relianee on HFSS a3 an acceplable computational modeling ool for MedRadio
equipment authorization, (o the economic detrimonl of ANSYS. ANSYS believes the Couunission’s rule
is unduly and unnecessarily restrictive, since FEM is capable of siimplating Gindainental physics identical
1o that of FD'TD, while operating on a diflerent echnological basis.

The amendment af Section 1. 1307(b)(2) 1o require rouling environmental evaluation of medical
implanl transmitters by means of either laboratory measorement or FDTD computalienal madeling
occurred in 19992 with the establishment of the Medical Implant Communicalions Service (MICSY. In the
Marter of Amendment of Pares 2 and 93 of the Commission’'s Rules to Extabfish @ Medical Iinplant
Commmnications Service in the 402-405 MHz Band, Report and Order, FOU 99-363, released November
29, 1999 (“MES Order™), N 1L, [n its adopting order, the Comimission atributed s decision 10 require
cvalvation for RF exposure prior 1o MICS equipment authonization to a jeinl ex parre filing by Medtronis,
Inc. and Dr. William Seanlon of the University of Ulster. The order included no discussion of whether
evaluation should be resinicted 1o lahomiory measurement or whecher simulation modeling woold be
permitied or, if modeling were Lo be penuitled, whit modeling technologies conld be utilized.
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Examination of the June 18, 1999 ¢x parte filing, a copy of which is attached to this request as
Anachmen A, reveils the inclusion of proposed amending language for borh Sections 1.4307(b)(2) and
95 603(/) of the Commission’s Rules. The ex parfe proposal for amending Section 1.1307(bX2) included
the requirement, ullimately adepted by the Commission, for the use of either laboratery measurement or
FDTD inodeling, although the jomat presentaion afered no discussion regarding the efficacy of this
modeling lechmique. The ex purfe filing further proposed that Section 95.603(f) of the Commission’s
Rules be anended ko include the followiag: “Medical implant transinitters (as defined in Appendix 1 o
Subpart E of Part 95 of thie chepler) are subjeet to the radiofrequency radiation exposure requirements
specified in §§ 1.1307 and 2,107 of this chapier, as appropriate. Applicarions for equipment
aulhorization of devices operating under this seclion must contain a finile difference lime domain (FD'TD)
computational modeling repon showing compliance with these provisions for lundeientel emissions.™
The Commission adopted this proposal, as well, in its MICS Order as pa of then-Section 55.603(g) of' it
Rules. Significanily, in adopting both of Lhese rule changes. Ihe Comnizsion alfered no analysis or
evaluation of why FDTD merited its regulatory imprimatur for environmental evaloation purposes.

In March 2009, tie Cominission replaced and superseded MICS with its new MedRadio Service,
which enlarged the operational spectrum [or the new service by hwo Megalienz. fn the Matter of
Amendment of Pares 2 and 95 of the Commission’s Rufes to Establish the Medical Device
Radiocommunicotion Service at 401-402 and 405406 MHz, Repon aud Order, FCC 09-27, released
March 20, 2009 (" MedRadie Order'). Former Section 93.605(g} ol the Commission’s Rules was
replaced with the current version of 95.603(F) of the Rules, which requires simply that all MedRadio
fransijiers requare cerilication in order to be marketed in the United Suates, bul it relegated the
standards for how cerification would ectually be sccomplished 1o other sections ol the Rules, Liereby
eliminating the reference in that Rule 10 FDTD. Section [.1307{b){2) was relained marerially in the fonn
it had existed sinee issvance of the MICS Order, with the exception that the reference o MICS was
replaced by one to MedRadio. [n the Medfadie Order, the Commission acknowledged Medironic™s
request that unspecified “other lechnigues™ {beyond ihe finite difference time domain (FDTD) lechnique
cited in the exisling rules) “could be used lor equipinent authorization and RF exposure evalualion
purposes.” However, it concluded thal insulTicier notice had been provided for consideration of this
questicn, and delerred the question to anellier proceeding which it deemed “better suited” to address RF
£Xpasure 133ues in a more comprehensive contexl. MedRadio Grder, 97 67-68.

Regquest for Waiver. Against this backgroond, ANSYS submits 1hat the Commissian’s curreit
endorsement in its rules of FDTD as an acceptable modeling technique for RF exposure ¢valuation
purposes o the exclusion of ather madeling technigques is based on a deficient adminivrative recond.
ANSYS has conducted a literature search which presents seientific evidence 1hat FEM is recognized and
utilized in the industry as a simulatign modeling technique ol equal meril and credibiliry to FDTD. The
results of ANSY S’ investigation are submitted in support of this waiver request as Attachment B. This
attachment includes a summary explanation ol how each scientific article presented supporis ANSY S’
position that FEM meris recognition by the Cominission as a simulation lool comparable in eMecliveness
o FOTD, FEM is capable of simulating fundainental physics identical to that of FDTD while aperating
on a dilferent but equally valid lechnological basis,
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In1 this connection, it 13 to be noied that both FOTD and FEM are currently under review by the
[EEE Inlernalional Commitiee tor Electroimagnetic Salely (ICES) Technical! Commitiee {TC) 34
Sobcomuifiee (SC) 2. In this subcommitiee, representatives of the Commission, the FDA, international
agencies, wirgless handset inamifactorers and sofware manufacourers are eslablishing Recommended
Practices [or the evaluation of elecromagnetic saJely from wireless communication devices by mesns of
FDTD and FEM. Tlie drafi Recommended Praclices for both of these techniques have yet Lo be submined
lo the IEEE Swandards Conunitee for consideration. Therefore, as of this thue, peither of these
lechmgue? has received [ormal acceptance by (e induatry standards-setting body, and cannor be
differentialed from one another on that basis.

The current distinclion in the Rule between FDTD and FEM is not technologically delensible.
The Comnmission might ultimately wish 1o consider a rule change to amend Section | 1I07(b)(2) 1o
permir the use of simulation modeling on 2 more generic basis. In the meanbime, however, ANSYS is
sulfering a compedilive disadvanlage in the markeltplace in its efforts 1o commercialize HFSS for
MedRadio applications dug to The Rule’s current restrictive text. 1t would 1ol be fair, and should be
uninecessary, for ANSYS Lo have 1o wail Jor the Commission 10 launch and conduct an entire roleinaking
process U1 order 1o have its lechnology recognized on an equal regulatory fpoting with FD1D. More
expeditious reliel could be made ayailable were the Commission instead to grant ANSY' S a waiver of
Sectian 1.1307(b)X2) 1o permit FEM modeling techriques w be emplayed lor RF expesure evalualion
equally with bath FDTD and laboratory measuremenl,

Section 1.3 of the Rules, 47 C.E.R. § 1.3, permils the Commission to waive a rule “for good cause
shown.” Section !.923¢b¥3) of the Rules, 47 C.F.R. § | .925(bX¥ 1. specifies that ihe Commission may
grant 8 request for waiver i it is shown that .

(i) The underlying purpose of the rule(s) woueld not be served or would be frusteeted by
application (o the instant case, and that a grant of the requested waiver would be in the
public inleresi; or

(i1) In view of unique or wnusual factual circumstances of Ihe instanl case, appiwcation of
the ruie{s) would be ineguilable, unduly burdensome or contrary 16 1he public interest, or
the applicant has no reasenable altemnative.

Tn the present case, good canse exists for the Conunission tw grant the waiver requested by
ANSYES, and both the standards outlined in Section 1.%23 of the Rules are met. As the Comlllission
explained in its MFCS Oreler, the amendillent of Section 1.1307(b)X2) was underiaken Lo require
evaluation privr v equipment authorization in arder to safeguard against excessive human exposure 1o RF
emissions. MFCS Order, 19 11-12. By permitting an equally valid madeling technique 1o be used in
competilion Io FDTD, the Camilission will expand the availability ol engineering testing methodologies
for medical device manufacturers, thereby enabling them to nepotiate for lower ¢osts in their development
streams which will ultimately benefit their end wsers. In this manner, the requested waiver will advance
both the purpose of the rule and thie public inerest. [n addition, the waiver will rectify the current
inequiwkble treatment of ANSYS and ather users of FEEM Lechnology and will implement Seciion
L.T130KEX2) in a more lechnologically weuwal fashion. See fr the Matier of Revivion of the Commiission’s
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Rules to Ensure Compatibility with Enbhanced 911 Emergency Calling Sysiems, 20 FCC Red. 7709, 7714-
15 (2003).

ANSY'S has slaled its waiver request wich clarity and has accompanied the requesl with
supporling date. Under these circumstances, the Commissian should follow prevailing judicial guidance
thal “a general rule, deemed valid because its oversll objectived are in the public interest, may nol be in
the “'public interest" if extended Lo an applicant who proposes a new service thal will not undermine the
policy. scrved by he rule, thal has been adjudged in the public interest.” WAIT Radio v Federal
Commiunicarions Cammission, 418 F.2d 1153, 1157 (D.C. Cir. 1969). ANSYS las demonstirated il has an
equally sound rechnological solution 1o folfill the public purpose for which the use ol FDTD modeling
techniques wes originally recognized in the Comimission’s Rules. Under these circumstances. special
circumslances warranl deviating froin the general role in the public interest. fn the Matrer of Intel
Corporation, Motorola, Inc.. TiVo, fnc., WMemorandum Opiuion and Order, DA 10-1094, released June
|8, 2010 (Media Burcau).

Conclusion. The recognilion of FDTD by name, 1o the exclusion of otheér modeling techniques in
Section 1.1307(b)(2), was accomplished on ihe basis ol a deficient administrative record. Thie
Coininission now has the opportonity to mitigale the eflecs ol that procedural shoficoming. Grant of
ANSYS' request far waiver Lo pennit the use of FEM modeling techniques for RF exposuore evaluation
will advance, rather than frustrate, the onderlying purpesc of the Rule, and will benefit the pubdic iniereat
by expanding e tniverse of suppliers of modeling lechniques. At the same Line, it will overcome the
inequity thal the current language of the Rule fosters, and will advance technological neutrality. For all
these reazgons, ANSYS' request for waiver should be granted.

Sincerely yours,

OO TS

Delbert [, Smith
Connszel lor Ansys. ine.
Arrachments {as indicated)
e Juliis Knapp

Bruge Romdins
Ed Manlipl¥

W29 TI98y]
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ATTACHMENT B

Literature 3earch

The following summarizes the industry literalure demonsirating FEM's recognilion as a
computational modeling ool of sclentific value comparable 10 FDTD [or human RF exposure
lcsiing purposes. Copies ol each of the following identilied articles and application notes are
allached.

Exhibit A: “Au International [nier-laboratary Comparison of Mobile Phone SAR Calculation
with CAD-besed Models.” drafl aniicle in preparation for publication in an upcoming issve of the
IEEE publication, Transactions on Microwave Theory and Techniques (MTT). Dr. Vogel i 2
co-author of this soon-lo-be-released anicle comparing the calculation of head phantormn SAR for
three mobile phone brands. The geomelries are realistic and complicaled (sec e.g. Figs. | and 5)
Fig. 7 compares the resulty of three diffecen! FDTD-based software {ools and the Finite
Element Method (FEM) based soffware package HFSS. HFSS s Lab 10 in this Aguore.
Significantly, the arlicle dermonstrales that FDTD-based simulativn madels produced a range of
diverging results, while the FEM-based ool produced resulis well within the range ol FDTD
results. It can be concluded that the finite-element soRware produces results al least as accurate
as FDTD software for average-SAR compulaiions in a complicared and realistic configuratiou.

Exhibit B:  “Towards the Validalion of a Commercial Hyperthermia Treatment Planning
System."” Microwave lournal, December 2008. Once again, Dr. ¥ogel co-authored this analysis
comparing simulation testiug and laboratory measuremenls of hyperthermia radiation in the leg
ol an aclual cancer palient. The simulations were done with HFSS coupled with thermal finite-
elemen! sofiware. HFSS is specifically identified as the simulaiion tool in (he Jiscussion
following hgure 3, which describes how the cancer ireatment is simulated. This discussion
expressly addresses how simulalion can be used Lo anticipaie the SAR efiects of treatmenl. Of
particular inferes! is the comparison between finite-element simulalions and measvremenis
shown in the “sidebar” at the end of this article. Here, measuted and FEM simulated
temperalures of the subjecl tumor, rcsulling trom electromagnetic absorption by in-vivoe
helemogeneous human lissue, are compared. This comparison demonstrates thal the
measured und simulated lempersiures closely Lrack one auother, paiicularly ufter 12
minutes inlo the experiment. This demousimies the validity of FEM [9r eleciromagnelic and
thermel simulations in complicated and realislic heterogenecus human lissue.

Exhihit C: “Generic Phone SAR Comparison,” October 17, 2008. This presencarion 1o an IEEE
Commillee on eleciromagnelic safely demonstraies the comparable SAR redulia achieved by
HFSS and a number o FDTD-based simulation lools for a geueric dual-band mobile phone, held
in a couple of diflerent positions. This demonstration represents a large number of simulations,
because each simulatjon was emiployed for iwo Irequencies and lor lwo posilions in each
frequency. Refcrence (o Ansoft {a subsidiary of ANSYS responsible for the development of
HFSS) in this comparisun iy 1o HFSS, Again, the preseutation demonstrales the spread ju
results for g well defived model, evern within the [amily o FDTD lools, produess a sizable
ungertaiuty at both 900 and 1800 MHz, The FEM resulis agree closely with the FDTD
results.



Exhibit I “Sirategies lor Elfecuve Use of EM Sinulation for SAR”, presenled al the 2004
International Symposium on Eleciromagnetic Compaubility (Yol 3, pages 864-B67) by (wo
Ansofl engineers. This paper locuses on a comparison of FEM simulations for SAR not only
with FDTI? tools bul also with laboralory measurements. This was done far the configuranion
shewn in Fig. 2, which is an ofien-used slandard configuration by mobile-phone manutacturers.
As shown in Table 2, which lists the input impedance “seen™ by the source, the agreement
between HFSS results and measurements is guod, genersally closer than ihe relatiunsbip
betweeu FDTD and measurements. Indeed, HFSS resuls arc more accurale in this ease
than FDTTD resnlis.

Exhibil E: “Ausofi HFSS Analysis of Specific Absorplion Rate for Flat Phantani Measuremen
Siandard Outlined in IEEE P1528-2002." This is an intemal Ansofl application note thal
compares FEM measurements with actyal laboralory measurements, this lime tor a Nat phantom,
anolher slandard contiguration ofien vsed by mobile-phone manulacturers. As can be seen in
the first twu pluis, the measurement reanlts practically cuineide with the FEM rcsults. The
table on page ! contains the actual dala illusirated in the plots,

Exhibit F: “SAR Assessmeal in a Human Head Model Exposed fo Radiation fram Mobile
Phone Using FEM”, presenied et the 2002 [EEE Inlernational Symposium on Electromagnetic
Compatibibiy (Volume 2, Pages 662-666), danonsirates (he validity of FEM for the application
of specific abscrption rale (SAR} in heterugeneous head models, Tor radialion from cellular
phones, by companng wilh laboratory measuzements and wilh Independent results published by
athers (addressed in 1he document’s relerences). The authors used realisiic material properties
for skin, bone and brain lissue as listed in Table | (. 663} for human aubjects end Table 2 {p.
664} for the cese of rals. Table 3 (p. 665) compares FEM results with independent analylic
results for @ homogeneous case, and Table 4 {p. 665) compares FEM results with in—vivo
measured results lor rars. Again, even in the complicated heterogeneous in-vivo vase for a
sophisticed, three-layer model presented in Table 4, (he Nnite-clement tool provided
accurale SAR resuits (approximalely 15% difference). In this case, ihe FEM modeling 1ool
was not HFSS.

Exhibit G: “Spatial Distribution of High-Frequency Eleciromagnelic Energy in Human Head
During MRI. Numerical Resulls and Measurements”, IEEE Transaclions en Biomedical
Engineering, Yol. 43, No. I, Janvary 1996, pp.88-94. This analysis, particularly as illustrated
in figure 4, demonsirates the vaiidity of FEM for heterogeneous bssues in eleciromagnetic fields
generaled by RF MRI coils. MRI images of the head of a human volunteer were used 1o
construct a computer model of the geomelry of the head, including ils internal helerogenous
structure.  Subsequently. simulated MR fields in the head were compared with the measured
fields. Figure 4 shows an example ol this compnrisen, in which the simulated results in
Nigure (a) and the measnred results in figure (b} demonstraled substuntial agreement. The
authors of this analysis agree that the comparative resulis demonstrale a high level of agreement
with one another.

Finally. a search for HFSS, ANSYS’ finile-element based simulation lool, in the (EEE Xplore
Dhgital Database yields more than 100 hits annvally in recent years, indicaling Ihal this ool is
widely uscd in thie engineering community lor many eleclromagnetic applications.
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An International Inter-laboratory Comparison
of Mobile Phone SAR Calculation with CAD-
based Models

Martin Stegbahn, Giorg: Bil-Babik, Infar Koahvarl, Andreas Christ, Benoh Derwr,
Vikass Monebhurnm, Christopher Penney, Martin Vogel, Tilmann Wittig

Absiroct — An inttroationsl Inisr-lnbersiory comparises for
the cakcwlatlon of head phantewy EAR invefring thres mobils
phones with CAD-based modeis has boen conducted bn order o
evamate U copeatabiiity of sach calcniations apd Tor providisg
impat in thy dyveloporent of standardied procedormy. SAR (0 the
dtandardied SAM bkead phanfomr war  celceleied Wy tem
Ixhorsiories n p bflad sody menaer, The agfwmenl in
caleolated SAR bebwma the participating Inboretoris b very
gimllar te the gresEedt obtaingd W vier-laborriory
comparboms lovolving SAR maxmremagts, Thi cleerly showy
that raxdardized procedarss can Yo devdoped

fedex Terps—FDTD hnotheds, (EFE Raodards, simelstios,
software iaodardy, specific abswrption rete @AR)

. INTRODUCTION

A. Bockgrowsd

HE progress of dw acen of electromagnetic siowintion of
compiex disjectric sructures has besn mpid for he past
few years with the hieduction of full support for Compiuter
Ajded Design (CAL) models end herdware aceslerator cards
in severnl commercially available softwwre packmges. With
thase ols I i now possible m simwiee the abetromagnetic
wave emived Fom very detailed models of personal wirsless
comyramication devkes and Lo cvaluste the specific absorpiion

ot (SAR) ln semdardlzed head and body mdols.
Wwhid procedures for cxperimomal SAR evahmtion of
wirtloan davices have beon gvuilsbio since severnl yemn m
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zh

beth pardonal end imzroetonsl siendards, for iotanca the
IEEE 5td. 1528 and JBC §2209-1, na standardizsd proczdus
for numerical SAR assessmems hay yer been developed. To
address this, work ww mitleed wm 2005 wihin the IRFR
nternational Creumissior  on  Eleciromagnetic  Safsty
Techniczl Committes 34, Sub-commities 2 (ICES TC34 BI2)
m develop the IBEE (92814 wrley of sumdamh B
oumerice]l SAR complimnce testipp of personal wireless
devices, The selected mimerical methed for elestromagnetic
simulation for the 1528.1-3 standards i the FOTD methad and
for the 1520.4 mantkrd the FEM method,

An opormam and m Jarge exteot ronskning (asue regarding
combuter simalation of electromegnetic ficlds and SAR for
complex wirelesa devices i the ttal unmcertainty i the
produced rosults.  Severnl viudles have been publiahed
howing gond or excellent agreement between simulatiop apd
measareroeni [1-3] but a gemeral deterimination of lhe
ancerfairly has oot yer been addressed And, in ordér m
complets standardlzed procednres en uncartzinty evaluatian
has & be undaraken. Thus, as o first siep, & iTvestigasion of
the varatiou in prechiced AR resulo ma prodocsd by several
laboramris for the same msed devics has beon oon tucasd

8, intermoripnal Nwnerica! fmisr-faboratory Compartsen
An Internatiors) pomerical inter-laboraory comparison was
deslgnesd in 8 similar way w lo (4] where a mumber of
laborquica caleulated SAR in differml hesd models far g
yimplified phome model 0 omier o evalwae the
canservativemess of the Specific Anthrapomoerphic Manoequin
{SAM) head phentam, Jo this inter-labaratory compariscn,
bewever, only the SAM head phantom was used aod imatead
of the simplifled phooe model three CAD modets represating
corrmarcially rvallable mobide phane modsals were {ochuded,
By using highly demiled end complex CAD modsia the
repeatebility and reliabillty of numerical SAR syelowion of
real devices was invemigaiod. As a second imponant outcome
of the inter-comparison, @ experionces in condacting the
calculations prévided input in e development of standardized
rocedures.

[acluded in the TEEE 1528.3 sandiod far nummdcal BAR
compliance testing of personal sirsleas dévices i3 & sm of
benchmark  validation problams. Omz of the probloms
conmites & CAD mode] of sireplified mobile phoas, the w0
called Generic CAD phone model. Tt has the same besic
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fentures a8 the models naed @ the [nter-laboratory comperison
ol with fewer componrerts and with B lower complexity,
Since it is only a software model without zoy real physicel
representation oo meanurstent SAR dats con be cbiained. As
an extension v the lmer-laboratory ixon A number of
the participatiog labomttories calculated SAR vahues for this
muodel to be yopplied 1 the IEEE 1523.5 swmdard as reference
values.

TL MATERIALS AND METHFODS

4. CAD moedals of mobils phanes

For the mter-laboratory comparison, CAD [Tlew representing
thres different commercially availabla mablle phane models
were provided sach by Motorola Inc, Nekls OY and Somy
Ericsson Mobile Commuaications AB (See Flgwea i, 2 and
3). The dielecttic parameters of the materials of the SAM hesd
phantom medel were the imematiogal ttandard parameters.
The parameters Kor the matezindy in the phons modsly were
provided by the manufaciurrs,

Plg 1. The CAD moded of Lo hivkarale 370 phose maded,

Plg 2, The CAD model of the Nokin 2310 phone pedal.

Fig 3. The CAD aded of the Somy Erictsn W 10 pioes aiodel,

The complexity of the CAD models representing the phoos
devicas ore somewhs different; in the Nokla model che
printed circuit board {PCB) o modeled as a sandwich xtruthime
of thin sheets of meta] and disdestric solids wheress (b the
Mokrols and B-E phone models one metalliv solid represents
tha PCB, Furthermore, in the Nokia madel all components on
the PCE were ipclodod All three phsmo models have
mepraied pych anteines o the op bagk sde pam of the
davics, The antenna I the Sooy-Ericssem phone model has a
tealare thar posm o addilional difficolly (o the
electromagnetic simulatian; o parwitic slemen) thal has no
galvoaic contact to the othor part of the antenna, This enmom
elwinent is resonznt for the 1500 ME2 band,

Dlelectric parametars For U plaicde maierials of Lhe
Motorela phons were in the rnge 2.1 1 4,78 for the relodye
perminivity and 0.06 In 0.54 for tan 5, Correspanding figures
for the Nokls ware 2.5 In 3.3 for (he 1elative permitthvity and
0.00013-0.0068 St for the conductivity m $00 MHz and
0.00024-0.01) S for the conductivity ac 1300 MHz For the
Sotry Ericsson phoot moedel the plastic materials had a relatve
permittivity of 2.7 and 8 tan § of 0.007 ot | GHz,

The benchmark toodel developed for the 1528.3
sndard is & CAD model of 8 gonartt phone davies that has
0o hardwire representation. I resembion 1 real mobdls phone
but t 3 Ainplifiod in order o cnable saxy distibwtian with the
sandard Yet, Dw physacal properties of the model are s1ill
sufficlantly complm 5o thet it can not be dravn by hamd i the
eloctromegmetic soiver. It has in be imported Gom fAla This
generic CAT) mode) is ahrwn in Fipure 4.

e

Fig 4 The gl CAD model for benchmark yadkiebew of the |EEE 13183
Eocedom.
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B Computationa! electromagrintics 1ofiware

Ten laboratocica conducted the ealculztions, in & blind-study
manner, with five differsat commerially available software
peckapes; C3T MICROWAVE STUDIO®R and ST
MICROSTRIPES™ by C5T AG, SEMUAD X® by Schmid 2
Partner Englneering Acl, XFdid® by Remecom Inc and HFS8
by Ansoft LLC.

CET MICROWAVE STUDIO [Tilmann add text).

SEMCAD X is & universal simulation platforn with a high-
and ACIS® boped maockeler CAD |mporter and graphleal usar
ineerface (in-housa 3-D OpenOL rendeorer) thel imrgretes
VAricus solvem Providing native &F bil foncticonallty, soch wa
fullkwave EM solven (C-PDTD, C-ADL-FDID, os), FEM
based low frequency and siatc solvers, thermal sotvers fiw
thin conductors, vessel froms, eic., couphd Mllwwavg EM-
SPICE circult sobvers and n GA basad optimimtion platform.
Hy combining SEMCAD X with Accelewwre's [4) latest
MNyidl (PU CUDA) based high performmnoe systems, s.g,
the ClusierinABox {CIB), simulaticns cap be perfrmed
multiple hundred bmes faster tham on & commen dealrmp
rultprocessor mackine, Finally, a posiproc=sing engine and
Pythem gcrixing allows for result exmaction/visualiztion
(dme- and fequency-domain, near/far-Aeld) and artoengom
in genemd.

XFiwd 13 a saftware ol besed on the Finite Diffirence
Time Domain method For this study, a variable meshing
algorittm lo used which lncreases the resoiution For certain
portenl of the geometry whily parmiting lower reschurlon in
other roglons. The XFotd pampmztiao! engine used uni-axlal
perfectly marched layors m the omet bounderies and hardware
acceleraflon for increased penrmmnoa.  The software a
custom-designed editng meerfses budlt on top of the industry-
smndard ACIS graphival woolkt

HFS35 employs edge-based vector fmha elementy op yn
unstroetursd mesh. The mesh clemenis are of non-ynifrm
size, small ia reglons with small details, and ap 1o a sizable
fraction of tho local wavelength in wniform reglons, The
implementation of the (finite-cfement method employs
brerurchical basis Amcrhions, which aliows clements to ba as
large wa tworthirds of & waveicngths for the highest-order basia
functions In uniform mgions. .

C (Cofeulamioas

Calcolattems of mdlaed decoomagoetic felds fom Lhe
phone models werd condueted [0 (re-wpmce and when Lhe
models were positoned at the dght ear of the standasdized
SAM head phantom (57 in the cheek wod +15° R phone
positions. Figure 5 and & shown e positions of the phaore at
the SAM head phamem, SAR, absarbed power @ the hoad
phamam and source impedance was calculatsd at one sherific
frequency m both the 900 MHz anct 1300 MHz bandy, Tie
benchmark CAD model wes cakulsed for the same rest
positions &3 the CAD moxdels of tha real phomes,

§Pw

Flg 3, Tha CAD miedel of the: Scry Ericzugn W14 phorw w el gl axr of
Ot AW phavionty [n e ik poaiton.

T 4

A & The CAD mdal of 1be Samy Erlesson WEID phone ot toe dgld e of
i SLAM phamom [n e +11% il poitian.

M. RESULTI AND DISCUSEION

In Figorss 7. ¥ and 9 the caleulawd 10g avernged SAR,
rmitufbrlllth:ﬂphmmudﬂhmprmmhdmm
of the mean result for each apecific caleulated setop, La. phane
model, frequency and pesition m dw BAM. AH SAR resuls
are nomslized to the source outpal power. Byen (hough all
laboratoriea obtzined the three CAD models of the phoaes, for
various reaxoes n few laboratorics could coly produce SAR
rmsubts for ome of two of the modals, Lack of time and
computational resomrces wan the most slgnifleor reasan.
Seme |ebaretories repaned problems in Importing the CAD
mode] w 4 reason for pot being 26k o complete @lewndoms
even thugh ey used the same softwarn ey other labs that
worn able 1 complete all caloulations,

Farche HAR romils with the Matoro ke phane model, sean in
Flgure 7, the varistion betwesn the laboratories bs higher for
e lower calcolatzd frequeney, Lo, for 715 MHz, than fir the
higher Srequumty . For the Nokia phone meode] tw variation (n
BAR in allghely higher for the high band sinulstions, ey seen
in Figare § However, ibx agrecmem b very good for the
902.4 MHz frequency apd the <heek phione poairion wers ail
resulis aro within 15% of o swzp This & samewkmr
surprising considering the highor complexity of the Nokin
mode] with 8 more detailed presyomtion of the PCB, The
variation betwesn the leboratericy in the SAR rosults fir the
Sony Ediossen phone moded i similar fir ot
carrier frequencies. The maximum relxtive standard deviation
for the Motorola phone mods! SAR results is 30%. For the
SAR results obtained with the Nokiz and Sony Pricsson phone
moedeh Lthe comresponding maximum relatlve  standard
deviations nre 20%% and 2%, respectively.
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I SAR resuits for the Matarola phone model
Miab1 Plabi
Hiabd NLmB
ELms OLBTF [
BDlaby Olby |

B H ¥ ¥
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Parcent of 10g mean (%)

-
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PIA, Chaak; 718, 1760 Chealy 1748 TR
! (MHz), Phicng poadtan

o 8

Fig 7. The 192 SAR scity T thw Mitorola €13 phame model in percent of
e mean tewult dor ench cadeylatnd confipusetion.

GAR. reauy Por The Mokl (Al m-odol
a dSLw? BLla3
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Fig 0. The 10 SAR mouka for tw Nediy £Y b phoos mode] | oo of ey
ot Foabil St cadcrdnteed oo Mgrs i,

AR results Lo the Sony Fricason phone

1

4

Pwrcanl of 10g maan (%)
&

. ; ! W
BT A, Chepsk AT 174F0, Oy 17478, TR
1 |NHz), Prone position

Fig % The 10z SAR resmlix for the Sey Ericssco WEID phooe mods] in
pereeint of the mewn Tosuht for ench caloulsted configumtion

A Curaulative Distributicn Fumction (CDF} was computed
for all the daviations from the mean SAR results and is shown
in Figure 10, The 25-parcentile in about $0% for hoth the 1g
and 10g averaged SAR results, The variation for the Motorole
and Sony Ericsson models are higher then for the Nokia model
posgibly indicating 8 Ligher sensitivity o differences in the
timulatiom parameters such as mashing, simulation time, et

£

Othet powress of devietions ineluds positioning emoes of the
phona st the phantoen, sourcn mexdel sloplifications, location
of rsimuleion beunderes  end  pomerical | method
spproximutions. Hhemen errors can of courso alko be present
comdidaring me high complexity of te CAD models.

COF of chw inScen. fepes: s for thy AR Powoine

Fig M. Cumulstive distebution fanatiors for the devintions Som mem for
the 1g mnd 10g SAR rendis

A number of submitted vakies deviated 50% or more Gom
the mem results and conld thus be connidered as out-layer. A
detailed analysis was conducted in order to identify the causes
for thess out-laymg value since they would provide very
valvable input it the dmfiing of standar@ized procedures. The
out-layers considered in this analysis ere fiie following valnes;
the vakie from laboratory 3 for the Motarola phone for the tilt
phone position end 915 MHz carrier frequency, the value Fom
laboretory 7 for the Nokia mode] for the tils position and 942.4
MHz frequency and the laboretory 6 value for the Sany
Ericeson phone mode! for e cheek posithon and the 3974
MHz broquency. Alag both the vatues Gom the (aboratory 7 for
the 897.4 MHz frequency ere very low compared t the ather
subrained results and <oukl be considered pa out-layers, The
labormtory 5 miue devistes sbout 554 fom tho mean resulta
which & the largmt dovietion clnerved. An in-depth anabysis
conducted by Iaborstory foelf of the grid usal i this
calcoladon showed thed the grid arund the mbemas bad boon
assigned & lop vomse grid step by mistake. When the gid rep
waa == for the SAM phepiom this coxrser grid eetring b
unintrodroadly propegated o the rogion sumounding e
antxmna When » fney grid step wan usad for the antenns end
the calculation repeated » SAK reault devinting ooty 23% fom
me=an was obimlned. Similarly, Isborstory 6 siso foumd that a
loo codrse grid map hod bean used for antenne With this grid
fep e gop betwedn the main entmne clemes and e
parksitic slament waa only modelsd with ome prid aep and
thus the uogentiel Smcrms curton iR e gEp wers not
calculaind. Finally, laboratory 7 Found thet the dovisting
volues il had mubenitted for ibe Sony Erkssan phone model
were dug 1o b wreng seiting of the dielectrle parsmeters of the
SAM hotd phantomn, [o conchusion, Lhe oet-tayer values were
thns efther due co 2 too Coarse grid-sa chosen for the antemma
or opereine ezoy in setting the malsrial parsmeters.
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As an additional pani of tw ot-layer mualysy it wma
decided 0 produce source polnr impedance b wndo b
evaluate the overall quality of che grids used, The bypothesis
was that if (he calculsted FDTD grids could produce securets
goures point impedanee resuls with good agreement berwaan
tha lahgrarcries then the SAR results wookl alse sbow good
agresment. In other wonds, to iovestigate il Heore & &
correlation betwean the impedance and SAR resuls Tha
procedures for these additional calculations were such that the
grids used for the cheek position simulations were nsed tant
with-the materkal parameters for the SAM phactom sef t pir
instead. in thet way the frec-space itpedasce was obtained
but with the same grids sa uead Cor the head phantom
smuolagrmy, Flgure 11 shows the celoulaed source point 511
in dB Ar the Mommola pboos model R is clear thar the
impedsnce resuls show o conslderable verigtion that is
dlfficul to correlam (o the SAR relity seen in Figure T for the
QM) Mz temad yunibuiiony,

Tcagrom poid w1 | dar Alilmin. piw

B 911 (U8

=Ll

;u — e |

F{NHa)

Flg J1. The source poit k11 for the Motorols phoie mede]

On the gther haned, ip Figurm 12 the impedance results for
the 500 MHe band for the Nokia phone model are presemad.
Here the sgreement in calculaisd 511 {8 very pood between the
participating lsboraeoeies. Also the agreement in SAR betwesn
thoae laboratorisa who bawe submitterd this impedonee data Is
remarkably good. Thus, fom the cesoits biained it can ool bo
clearly cancluded whether apresuent in impedance rewils
Isads oo comsistent S8AR resulm,

Finatly, tha SAR results for the benehmark CAD mods| are
diaplayed in Flgure 13, As seon in the fgure, the ezrecment in
remarkably good. The lergest devishion from mean 19 hers
about 209 which is well in line with devistions normally
observed i SAR measurcments. Tha resully obtataed with (his
benchmark moedel show the kind of agresmend that mosl
probably can be cbiained in caleylationy with a real phome
model if stapdardized procedures are used and ceare has been
wken o gvoid the emors that occurred in the previcusly
dascribed inter-cotparison with CAD modsls of real phones.
1t ia thua agsin proven that reproducible results are passible o
oain  motivating the development of siEndardized
procadirgs,
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Fig. L2, The souros poim 51| for e Nolds phoee modsL
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Fig [3. The 10g SAR rocdu b the pomerle CAD model fraeded for
broctune valkiaon in IEEE 19103, The rvsatta e displeyod ai parcen of
the rowan et Gor each Subcnlaied conftyoration.

A question that iy of course relevant in the coateret of the
conducted imer-campection in how te calcubated SAR resul
compare o correspondmy mosmrEmet rendltl far e oeed
Phone modsls That questan bas in principle nat bem
addresoed xincy 8 rumber of simplifications were made o the
osed CAD modely apd they tuny nol fally mepresam the peal
device, Additouelly, spd meer imporsm, the dislecoric
parametery for some of The plastie e af cha models ware
aasigned vl that wers akra mm licroore rther than
actual valuny for the ted matstialy.

I¥. CONCLURIGH

The agrecmen| io caicaiesd SAR betwoen the participeting
Isbormnries iy very shmilar b the 2greement plmined in imer-
leborgtory comporisons Involving SAR messurements Thiy
shows that repreducibie rely are poasibie o obmin end it
motivamy thy further developmemt of standardized procedures
for numerteal SAR lesting of mobile phones. Sources [or tha
observed  doviationn heve  been  idendfied  and
recorumendetions on how to deal with themn as pent of en
upcertalaty wvalualion will be inchuded in the TEEE 1323.3
vmdard
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wil| preasm @ new approach for impnoved hesdng Technical Library

oo senig it et |

¥mulobon solbewry ool Prooadura befls and |

& corapariaon of 3lmu kind heatimg pottermny with
thope resmred fn bep clinical ypotberm/s trestment o1 advenced fibrous higtiooptome (sof-Uape smoma)

wrnors will by presoniesd.

Historical Bae kgrownd

ivlondern inderest in hyperhermis began [n the accond half of the 15" century with a soendipilous climeal obeervalion
that stme purierds with cxtornally visible Tumors who experienced even moderaa sysiemic lemperaiure rize from e
sepmraty, ot il Inest expetrlenced romission of their Wmons., " Although inor guing subsczjuem siudien of fever
induoed ey guve way arowmd Uee turm of e canlury B @ more inkmsz imer=xd in the oncakagiced potential of te
Lhem nEvd y il ecervered Aocnigen Raye (X-oxp1). By the 97y, frostmied with (he Himiled sucoess of mdiation therapy
[ s el slaml luman, rescerchert returoed oy dudies of the od| idllIng poterial of hest a2 an adjuvant therege 19
cnhancs (e effeets af mbation By (984, ryperiermls wis an appreved medical breatmens for supaiicial Wumoen
1hal 2auld b henterl wivh the cqulpment avsiable ok thal Ume

————.

New Hlological 2nd Clinbeal Rationale
Bolstered by resarch in the | %805 emphas! Zng the ol kil ling potedial of heet, rescarchers foorsd on high
Lempermture hyperthamta (> 43°C) eatmens intendes] o induce cell death. Unlormmerely, this approach was
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‘owands the Validation of 8 Coonmerelal Hyperthermma Treaimers Plare..
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limited by a rumber of binlogical, wchmological end corromercial facuors. Aa o resy It interest in IryPerihomia
suffared & setbark i the mid-1990) Fearn of thermotoleranca. for axampbe. |imited the pember of hen fractions [
shoul ran per week  Thermomlemmee it surviving cells increases with el ar; woweser, ibs £Tect is pow
krrown o b limieed i tissuc tnealed with mild-tempersture HT,

Heming ungae wbawg 4 1°C sl canves vasou|ar damage, thereby inducing Wypoa b, whorss Be presence ol oxygen is
aritieal o U afictlveress of bolh rediadans and chamo-thaaples. I I mowe undens ood that mild HT Teads to
incressed biood perusiar snd pO2 (reoxygemation) of {axt-growing ypoale Lumors thar farve ou (grown U (ool
blaod supply, thus crfsrechmg radbe- and demos senaltizetion. Furthermore, beoues of the threal of visoule demege
aod hypoxli. e wms o fiem appiied afler radistion. which can reduce the HTectiveness of Lhe HT in evma of

oo ygora on. Finzlly, studie hawe showa tat mild HT ress( Ll in the denanredon {unfidding) amd eventud
aggregation of nuclear proteing, proceusesy that erfae with mimais, INA rsmyipllon asd DNA repalr,

A noted atrenie oM detrimental clinlcal ¢fTacty of tarmalal e and avweywhebming evldenee of positlve offects
from lissue reoxygomtion and [neresssd demtu sionsgegidan polentlal are the key biologhea! Factors
encoureging schentislx W rethi mh adjuveed mild yperthemia

Aceompany|ng Techmological and Commereial Corsiderations

A typical course ol clinical Wyperithermia traaTments consists of four te clght heating seioru, soresd ower 2 pariod of

severnl weeka, The Frst ks ur oi'a vere-hour ession is used for patom) prepamsion, mech & placoment of thermal

monikering prabes in and seaumd the tumor voivme and the placement of the RF applfosior s e wmar regfon. i
After the pat'ent is prepwred. porwer 15 supplled W the appllcacor®s svtennals} end W tomor T besed by maBated

detramagnenic rmn',*

Thaugh the principley pf wmar headtng are widdy understond, |he leermaolegy W fooys heal ime & desimd wmar
walume ot o in The body bas lagged behind the theory, espesialty for devpe-seated malignam wmors. For regiomal
hyperihomia of dep-soited mmon, clectrmrmagnelic smular phesed-erray applioniors {Including smaller gleed
mini-annu lar phasd-amay (MAFA) appliesioes thal M aroumd one axtremity) heve been developed for the frequency
range of T3 w 1 50 MH2 7 To focus the heat into te umar wite, rescarchers have found that the driving phasey amd
amplitudey of te MAP A must be canefully controlled

Equl pmeam considerations alsn demagerd inftist parceplions o hypeythamia and fare sl gnificantly slowed scceplance i
of thia clindenl modality. Limiterd adjustabylity of applicsor power deprsitlon putams lad e poor control of hearfng, i
which ks resicied Lhe umber of locatlons o which HT ould be ndiably apptled, Even for muliipie amterma arrays, i
inftptitle und klunky controls made bezm focusing and sty Siow and impresiae. D lvening Lhe requined power |
W the wrpel ol 30 presented a challenge. The shatnen of robeesl compoLar Mnmutationy oiten YeR el lnlcieny 1o denl wily |
superiicial “hat spots”—1n Epme casey |eading W undesimbse Bisters or tums on the shin surface {ur-dermis

imerfimx ). The ebeincs of nortmvisd ve tharmometry forced HT Lech(sians W rely on 3 very limd ed number of

implumed o porakire probes, insurance comtrellod <o codes and restrictive refmbursement rako have alao played 1

1ale |n epcouraging Oy 1o forvgn devd opmenl plana. Haprily, roany of o technical chellengey hewe boen |
adddresses In the Tast | yeary und promising solutlons s emerging. i

The Duke Studfy: Equiprwnt, Methods and Reasln
Power Delyvery STotem
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